Each member is capable of promoting distinct actinbased cytoskeletal structures required for cell adhesion and motility in morphogenic, chemotactic, and profilerative responses (Hall, 1998). These GTPases also control cell growth and apoptosis through activation of the ex- ity, the best characterized are three conserved sites in
Introduction in Rac-mediated formation of lamellipodia and activation of JNK in vivo (Crespo et al., 1996), and Vav GEF Members of the Ras superfamily of GTPases regulate a activity is specific for Rac in vitro (Crespo et al., 1997). diverse array of intracellular signaling pathways required
Vav and its homologs, Vav2 and Vav3, are composed for normal and transformed cell growth. These proteins of an N-terminal calponin homology (CH) domain (resiact as molecular switches by cycling between active dues 1-116) followed by an acidic region (Ac) (132-176), GTP-bound and inactive GDP-bound states. Two classes the DH (185-375) and PH (pleckstrin homology) (398-of proteins accelerate their low intrinsic rate of nucleo-508) domains common to all Rho GEFs, a zinc finger tide cycling: GTPase activating proteins (GAPs) catalyze (ZF) (516-565) domain, a short proline-rich region (PR) the hydrolysis of the terminal phosphate group of (607-610), and an SH3-SH2-SH3 (612-844) module at the bound nucleotide to render the GTPases inactive, the C terminus (Bustelo, 1996) . Interactions between whereas guanine nucleotide exchange factors (GEFs) ., 1998) . In our structure, ative of an unstructured and mobile region. Sequential the guanidinium group of Arg332, which forms a conassignment has mapped these signals to the N-terminal served, buried salt bridge with Glu206, appears to stabi-14 residues of Vav170-375. Chemical shift index (CSI) lize the Tyr174 hydroxyl group, which is directed toward analysis (Wishart and Sykes, 1994) verified that these the hydrophobic core of the DH domain ( Figure 3B ). residues lack secondary structure in solution in the Finally, in Dbl, mutagenesis of the conserved glutamine phosphorylated state. We therefore conclude that phoscorresponding to Gln331 in Vav, which is buried by the phorylation of Tyr174 causes release of the N-terminal first turn of the autoinhibitory helix in our structure, elimiinhibitory arm from the body of the DH domain, exposing nates GEF activity (Zhu et al., 2000) . We therefore conthe GEF active site. Disruption of inhibitory contacts clude that Vav GEF function is inhibited through the appears to be caused by a combination of steric clashes occlusion of residues important for GTPase binding and between Tyr174 phosphate group and the side chains nucleotide exchange catalysis. The tyrosine phosphoryof Arg332 and Tyr209 ( Figure 3B ), and the energetic cost lation motif, I/VYXXL/I, which forms the autoinhibitory of desolvating the phosphate upon introduction into the helix, is conserved throughout the Vav proteins, indicatbinding pocket. Phosphorylation of threonine residues ing that this mechanism of regulation is conserved has also been shown to destabilize helices (Szilak et al., among this family of GEFs.
1997). It is possible that an analogous disruption of the inhibitory helix by Tyr174 phosphorylation also contrib-

Mechanism of Activation by Tyr174 Phosphorylation utes to the weakening of contacts between Ile173 and We next investigated the structural changes that occur
Leu177 and residues Phe320 and Leu325 of the DH body. upon phosphorylation resulting in the activation of the 
